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METHOD AND DEVICE FOR BRIDGING BRIEF POWER OUTAGES 

IN A MATRIX CONVERTER 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is a continuation of prior filed copending PCT 
International application no. PCT/DE02/02474, filed July 5, 2002, which 
designated the United States and on which priority is claimed under 35 U.S.C 
§120, the disclosure of which is hereby incorporated by reference. 

[0002] This application claims the priority of German Patent Application, 
Serial No. 101 35 286.7, filed July 19, 2001, pursuant to 35 U.S.C. 119(a)-(d), the 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to a method for bridging brief power 
outages in a matrix converter with several power line-side commutation 
capacitors and a power line-side switching unit, as well as to a device for carrying 
out the method. 

[0004] After a brief power outage, the desired rotation speed of individual 
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drives should be re-established as quickly as a possible. Without additional 
measures, long restart times occur because signal processing has to be re- 
established and newly initialized and the motor has to be newly excited. When 
several drives have to perform mechanically coordinated movements, the 
controllability of the drives can be lost during a power outage, which can damage 
the mechanical parts, unless additional measures are implemented. 

[0005] The aforedescribed problem can be eliminated, for example, with 
an uninterruptible power supply, also referred to as UPS. Individual drives or 
several mechanically coupled drives can be connected to these UPS to provide a 
reliable power source independent of the state of the power grid. However, this 
solution is complex and costly for individual drives and/or drives with several 
motors. 

[0006] Converter technology employing a voltage intermediate circuit can 
protect converter-supplied drives in the event of brief power outages. This option 
is referred to as kinetic buffering. 

[0007] During a power outage, a single drive is driven into the generator 
operating mode when braking, with the kinetic energy of the motor and the 
coupled driven machine making up for the losses in the motor and of the 
converter. This is accomplished by using a controller that controls the 
intermediate circuit voltage to a fixed value, for example, to 80% of its nominal 
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value. The control variable is the torque setpoint, or with a field-oriented 
controller an addition to the torque setpoint, or with the drives having U/f curve 
control an addition to the setpoint of the frequency. The supply voltage for the 
signal processing circuit is generated either separately from a reliable source or 
from the DC intermediate circuit. As a result, the signal processing circuit and 
the controller remain active, so that the motor stays excited and can be 
accelerated again to the speed setpoint immediately after the line voltage has 
been reestablished. 

[0008] With several coupled drives, all intermediate circuits are coupled 
with each other to allow an energy exchange therebetween. In the event of a 
power outage, the rotation speed of all drives is lowered so as to make up for the 
energy requirements. The necessary rotation speed relationships or phase 
relationships between the various drives remain unchanged until the line voltage 
is reestablished or the system comes to a stop. The supply voltage of the signal 
processing circuit is generated in the same manner as described above for single 
drives. The intermediate circuit voltage is regulated to a value below the nominal 
value. The control variable is the main velocity setpoint of the system. 

[0009] The option "kinetic buffering" can only be used with converters 
having a DC voltage intermediate circuit or a DC current intermediate circuit. 
This option cannot be employed with matrix converter which lacks an 
intermediate circuit. 
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[0010] When using a single drive, a matrix converter controlling a motor is 
connected to a power supply via an optional power line filter or an 
electromagnetic compatibility filter. This power line filter is implemented, for 
example, by employing line chokes and commutation capacitors connected to the 
input terminals of the matrix converter. The commutation capacitors which can 
be connected in a Delta or Star configuration, are essential for the operation of 
the matrix converter. However, the chokes in the supply lines may optionally be 
omitted. 

[0011] In a multi-axis drive, several of the aforedescribed individual drives 
are operated from the same power grid. In other words, the input side of each 
matrix converter includes commutation capacitors and chokes. The number of 
chokes can be reduced by connecting the matrix converters electrically in parallel 
at the commutation capacitors. With this circuit variant, only three chokes are 
required with a three-phase power line. 

[0012] It would therefore be desirable and advantageous to provide an 
improved method and a device for bridging brief power outages, which obviates 
prior art shortcomings and is able to specifically with conventional matrix 
converters. 
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SUMMARY OF THE INVENTION 

[0013] According to one aspect of the present invention, a method for 
bridging brief power outages in a matrix converter is described. The matrix 
converter has a plurality of power input-side commutation capacitors and a power 
input-side switching unit. The method includes the steps of immediately 
disconnecting the matrix converter from the power supply in the event of a 
detected power outage, so that the matrix converter operates in a buffer 
operating mode; controlling the matrix converter in the buffer operating mode so 
as to generate at an input of the matrix converter an actual capacitor voltage 
space vector with a predetermined amplitude and phase angle; when the line 
power is reestablished, tracking the created actual capacitor voltage space 
vector during a synchronization phase with respect to a measured actual power 
line voltage space vector until the actual capacitor voltage space vector and the 
actual power line voltage space vector coincide; and reconnecting the matrix 
converter to the power supply. 

[0014] A prerequisite for the method of the invention is a controllable 
isolation point located between the power supply line and the matrix converter. 
This isolation point must provide an immediate disconnect during a detected 
power outage and must be closed immediately after power has been 
reestablished and after successful synchronization. 
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[0015] The method of the invention also takes advantage of the fact that 
the power factor or the reactive current on the power line side in a matrix 
converter can be freely adjusted within certain limits. The input-side reactive 
current or the power factor of the matrix converter is controlled by a control 
variable for the control of the capacitor voltage space vector during the buffer 
operating mode and the synchronization operating mode. A second control 
variable for controlling the capacitor voltage space vector can be used to adjust 
the rotation speed of the motor connected to the matrix converter. The voltage at 
the commutation capacitors is controlled by the method of the invention so as to 
keep the total energy stored in the commutation capacitors at a constant value 
during a power outage. After the power supply is reestablished, the capacitor 
voltage is rotated to the line voltage of the power supply. 

[0016] With the method of the invention for bridging brief power outages, 
the option "kinetic buffering" can now also be employed with a matrix converter, 
which alleviates one of the disadvantages of this converter topology. 

[0017] According to another aspect of the invention, a device for bridging 
brief power outages in a matrix converter is described, wherein the matrix 
converter includes a controller, a plurality of power input side commutation 
capacitors and a power input side switching unit. The device includes a first unit 
for measuring an actual capacitor voltage space vector; a second unit for 
measuring an actual power line voltage space vector, with the second unit being 
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connected with two control inputs of the controller of the matrix converter; a 
plurality of switches; and a voltage control circuit having an input which is 
connected with an amplitude output of the first unit and another input which is 
connected with an amplitude output of the second unit, and an output which is 
connected via a first of the plurality of switches with a nominal value input of the 
controller of the matrix converter. The device further includes a phase angle 
control circuit having an input connected with corresponding phase angle outputs 
of the first and second unit, and an output connected via a second switch with a 
third control input of the controller of the matrix converter; a power line voltage 
monitoring device having an input which is connected with an amplitude output of 
the second unit; and a sequence controller having an input which is connected 
with a deviation output of the voltage control circuit, of the phase control circuit 
and of the power line voltage monitoring device, and an output which is 
connected with a control input of the plurality of switches and with a control input 
of the switching unit. 

[0018] According to yet another aspect of the invention, pre-control values 
are used instead of a phase angle control circuit, which are supplied to the 
control of the matrix converter as a control variable via a switch, depending on 
the operating mode. 

[0019] Advantageous embodiments of the device can include one or more 
of the following features. The device can include a vector phase control circuit 
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connected with the outputs of the phase outputs of the first and second units. 
The output of the second switch can be connected with a frequency input of the 
vector phase control circuit, and the frequency input of the vector phase control 
circuit can be connected with the phase output of the first unit. The first unit can 
include a coordinate transformer with a vector rotator connected downstream of 
the coordinate transformer, whereas the second unit can include two coordinate 
converters connected in series. A smoothing device for smoothing a phase angle 
can be connected downstream of the amplitude output of the first unit. A vector 
phase control circuit can also be connected downstream of the phase angle 
output of the second unit. The voltage control circuit can further include a 
comparator with a regulator connected downstream of the comparator. The 
phase angle control circuit can include a comparator with a regulator connected 
downstream of the comparator. A comparator can also be connected to an input 
of the phase angle control circuit and a regulator connected downstream of the 
phase angle control circuit, wherein a first input of the regulator can be 
connected to an output of the comparator through a third of the plurality of 
switches and a second input of the regulator can be connected to the phase 
angle output of the second unit. The device can also include a signal processor. 

[0020] According to another advantageous feature of the invention, fixed 
control variables for the reactive current can be defined for each of the buffer and 
synchronization operating modes. The second unit for measuring the line 
voltage space vector and the reactive current control circuit connected 
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downstream are also present in a matrix converter without kinetic buffering that 
has, however, power factor control. As a result, the complexity of the method of 
the invention is reduced. 



[0021] The invention is also directed to a controller for a matrix converter 
with a device that bridges brief power outages in a matrix converter. 

BRIEF DESCRIPTION OF THE DRAWING 

[0022] Other features and advantages of the present invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which: 

[0023] FIG. 1 shows a block circuit diagram of an individual drive; 

[0024] FIG. 2 is a functional block diagram of a controller for the 
individual drive of FIG. 1; 

[0025] FIG. 3 is a functional block diagram of a controller for the 
individual drive of FIG. 1; 

[0026] FIG. 4 is a block circuit diagram of a multi-axis drive; 
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[0027] FIG. 5 is a functional block diagram of a controller for the 
multi-axis drive of FIG. 4; 

[0028] FIG. 6 shows a block circuit diagram of a variant of a multi- 
axis drive; and 

[0029] FIG. 7 shows a functional block diagram of the controller for 
the multi-axis drive of FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0030] Throughout all the Figures, same or corresponding elements are 
generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting in any way. 
It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0031] This is one of two applications both filed on the same day. Both 
applications deal with related inventions. They are commonly owned but have 
different inventive entity. Both applications are unique, but incorporate the other 
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by reference. Accordingly, the following U.S. patent application is hereby 
expressly incorporated by reference: "Method and Device for Shutting Down a 
Drive with a Matrix Converter During a Power Outage". 

[0032] Turning now to the drawing, and in particular to FIG. 1, there is 
shown a matrix converter 2, an associated controller 4, a commutation capacitor 
circuit 6, a choke circuit 8, a switching unit 10, a power supply or power grid 12, a 
voltage supply unit 14 and a driven motor 16. The output of the matrix 
converter 2 is connected to terminals of the motor 16, while the input of the 
matrix converter 2 is connected with the commutation capacitor circuit 6. The 
commutation capacitor circuit 6 includes three commutation capacitors C1, C2 
and C3 which are connected in a Delta configuration. The commutation 
capacitors C1, C2 and C3 can also be connected in a Star configuration. The 
choke circuit 8 is connected before the commutation capacitor circuit 6, whereby 
the input of the choke circuit 8 can be connected to the power supply 12 via the 
switching unit 10. The choke circuit 8 has three inductances L1, L2 and L3, with 
each inductance being located in a corresponding power line. The switching 
unit 10 has three switches S1, S2 and S3 which can be used to disconnect the 
power lines between the power supply 12 and the choke circuit 8. The input of 
the voltage supply unit 14 is connected with the outputs of the switching unit 10, 
whereas the output of the voltage supply unit 14 is connected with a supply 
terminal of the controller 4 of the matrix converter 2. The controller 4 is supplied 
with at least two measured line phase voltages u N2 and u N3 and measured 
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capacitor voltages u C i, u C2 and u C 3- In addition, the measured line phase 
voltage u N i can also be supplied. The capacitor voltages u C i, u C 2 and u C 3 are 
measured at the input of the matrix converter 2 and represent the input voltages 
of the matrix converter 2. In addition, a measured actual rotation speed 
value n mess and a rotation speed setpoint n* are supplied to two additional inputs. 
In the depicted embodiment of the controller 4, measured line currents i N1< i N2 
and i N 3 are also supplied. The output of the controller 4 is connected via control 
lines with control inputs of the matrix converter 2 and with a control input of the 
switching unit 10. The combination of choke circuit 8 and commutation capacitor 
circuit 6 forms a line filter. 

[0033] In the normal operating mode, indicated by the letter "N", the 
switches S1, S2 and S3 of the switching unit 10 are closed, i.e., the switches S1, 
S2 and S3 are switched to the position N. The switches S1, S2 and S3 are 
implemented as fast switches, so that the matrix converter can be immediately 
disconnected from the power supply 12 in the event of a power outage. Fast 
switches S1, S2 and S3 can be implemented, for example, as semiconductor 
switches. The matrix converter can continue to operate without noticeable 
interruption when quickly disconnected together with the input-side commutation 
capacitor circuit 6. A measured actual capacitor voltage space vector u Cmess 
shortly before a power outage then corresponds to a measured actual capacitor 
voltage space vector u Cmess shortly after the disconnection. In other words, due to 
the fast switches S1, S2 and S3, the actual input voltage space 
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vector u Cmess shortly after the disconnection has changed only insignificantly 
relative to an actual input voltage space vector u Cmess a\ a time shortly before the 
disconnection. The actual input voltage space vector u Cmess corresponds to the 
power line voltage space vector u nel2mess with the nominal amplitude u Ne nn. In the 
buffer operating mode, designated by the letter P, the motor 16 is controlled so 
as to maintain the nominal value u Nen n of the line amplitude, so that the actual 
input voltage space vector u Cmess only has to be rotated to the determined power 
line voltage space vector u net2mess when the power is reconnected. If the two 
space vectors w Cme „and u nelzmess overlap, then the synchronization operation is 
successfully concluded and the normal operating mode is assumed. 

[0034] FIG. 2, split into FIGS. 2A and 2B for sake of clarity, shows the 
functional block diagram of the controller 4 of FIG. 1. The controller 4 has a 
regulator unit 18 and a control unit 20. A higher level rotation speed control 
circuit 22, which supplies to the regulator unit a desired torque value m*, is 
connected before the regulator unit 18. The rotation speed control circuit 22 
consists of a rotation speed controller 24 and a comparator 26 which compares a 
measured actual rotation speed value n meS s with a rotation speed setpoint n*. In 
addition, the controller 4 includes a unit 28 for measuring an actual power line 
current space vector T net2mess , a reactive current control circuit 30 and a unit 32 for 
measuring an actual power line voltage space vector u nel2mess . The unit 28 and the 
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following reactive current control circuit 30 are not required for carrying on the 
method of the invention. These two units 28 and 30 enable generation of a third 
control variable for the control unit 20 in normal operating mode N. A phase 
angle output of the unit 32 for measuring an actual power line voltage space 
vector u net2mess is connected with an angle adjustment input of the unit 28 for 
measuring the actual power line current space vector T 

' netzmess ' 

[0035] The unit 28 includes a coordinate transformer with a downstream 
vector rotator 36. The downstream reactive current control circuit 30 includes a 
regulator 38 and a comparator 40. The unit 32 for measuring an actual power 
line voltage space vector u namess also has a coordinate transformer 42 with an 
additional coordinate transformer 44 connected downstream. At least two 
measured values i N1l i N2 and u N1 , u N 2, respectively are applied to the inputs of the 
input-side coordinate transformer 34 and 42, respectively, of the units 28 and 32, 
respectively. All three measured line current values i N1 , i N2 , i N 3 and line phase 
voltages u N i, u N2 , u N 3 can be supplied to the corresponding coordinate 
transformer 34 and 42, respectively. 

[0036] The coordinate transformers 34 and 42 are used to transform a 
three-phase system into an orthogonal two-phase system. The orthogonal 
components i Na and i N p, and u Na and u N p of an actual power line current space 
vector J nel2mess or actual power line voltage space vector u mamess that rotate with 
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the line frequency f N are present at the two outputs of the coordinate 
transformer 34 and 42. The coordinate transformer 44 connected downstream 
transforms the orthogonal rotating components u Na and u N p of the actual power 
line voltage space vector u nel2mess into polar components amplitude u ne tz mess and 
phase angle y ne tz mess of the actual power line voltage space vector u nelzmess With 
the help of the smoothed polar component phase angle y ne tz of the actual power 
line voltage space vector u nel2mess and the vector rotator 36 of the unit 28 for 
measuring an actual power line current space vector i mss , the two rotating 
orthogonal current components i Na and i Np are transformed into two stationary 
current components i w and i M of a coordinate system that rotates with the rotating 
actual power line voltage space vector u ttelzmess . In other words, the actual power 

line current space vector i nel2mess is mapped onto the actual power line voltage 
space vector u nel2mess . 

[0037] These two current components iw and i p represent a component in 
the direction of the actual power line voltage space vector ii netzmess and a 
component perpendicular to the direction of the actual power line voltage space 
vector u nazmess . The component iw is therefore referred to as active current and 
the component i M as reactive current. The determined reactive current 
component i M of the actual power line current space vector i netmess is controlled in 
the downstream reactive current control circuit 30 to a predetermined nominal 
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reactive current value i* M . The control variable at the output of the controller 38 is 
supplied to a third input of the control unit 20. 

[0038] Two additional inputs of the control unit 20 are connected with an 
output of a smoothing filter 46 and a phase output of a unit 48 for measuring an 
actual capacitor voltage space vector u Cmess . The unit 48 for measuring an actual 
capacitor voltage space vector u Cmess determines the actual capacitor voltage 
space vector U Cmess as a function of the phase angle y c from measured capacitor 

voltages u C 2 and u C 3, or u C i, u C 2 and u C 3- For this purpose, the unit 48 includes a 
coordinate transformer 50 and a vector rotator 52 connected downstream of the 
coordinate converter 50. The coordinate transformer 50 generates from the 
measured capacitor voltages uci, Uc2 and uc3 two orthogonal rotating voltage 
components uc a and u c p which are converted into two stationary polar voltage 
components that depend on the smoothed phase angle y c of the measured 
rotating actual capacitor voltage space vector u Cmess . The first component 
representing the amplitude is smoothed by the smoothing filter 46. The second 
component representing the phase angle error is converted into the phase 
angle y c by a vector phase control circuit 54, which includes a controller 56, an 
integrator 58 and an adder 60. Also supplied to the adder 60 is a nominal value 
fNenn of the power line frequency f N for changing the phase angle y c (rotating 
vector). The smoothed polar components uc and y c of the actual input voltage 
space vector u Cmess oi the matrix converter are required for computing the control 
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signals S v of the matrix converter 2. 



[0039] In order to use the controller 4 also for bridging brief power 
outages, it must first be determined if a power outage has actually occurred. 

[0040] A power outage is detected by a line voltage monitoring device 62 
which is connected downstream of the amplitude output of the unit 32 that 
measures an actual power line voltage space vector u„ etzmess The power line 
voltage monitoring device 62 includes a proportional-integral (PI) controller 64, a 
comparator 66 and an adder 68 for determining if the amplitude u ne tz mess of the 
actual power line voltage space vector u mmm falls below a predetermined lower 
tolerance limit. For this purpose, an amplitude deviation Au netz is determined and 
supplied to a sequence controller 70. If the measured amplitude deviation Au ne tz 
exceeds a predetermined value, then the sequence controller 70 switches from a 
normal operating mode N to a buffer operating mode P. Based on an affirmative 
determination, the buffer operating mode P is initiated by an output signal from 
the sequence controller 70. In other words., all switches 80, 82, 84 are switched 
to the position P and all controllers identified with P are enabled. 

[0041] In order to prevent variations of the actual power line voltage space 
vector u netzmess from affecting the projection of the actual power line current space 

vector l nelzmess onto the actual power line voltage space vector u nelxmess , the phase 
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angle y ne tz of the actual power line voltage space vector u mmess is smoothed by a 
vector control circuit 72, which also includes a controller 74, an integrator 76, a 
comparator and an adder 78. The nominal value f Nen n of the power line 
frequency f N is applied to the input of the adder 78. 

[0042] The controllers identified with P include a controller 86 of a voltage 
control circuit 88 and a controller 90 of a phase angle control circuit 92. The 
voltage control circuit 88 includes in addition to the controller 86 a comparator 94, 
whereby the amplitude u c mess of the measured actual capacitor voltage space 
vector u Cmess is applied to the inverting input and a predetermined amplitude 
value, for example the nominal value of the power line voltage u Ne nn, is applied to 
the non-inverting input of the comparator 94. The phase angle control circuit 92 
also includes a comparator 96, whereby the smoothed phase angle y c of the 
measured actual capacitor voltage space vector u Cmess is applied to the inverting 
input and the smoothed phase angle y N etz of the actual power line voltage space 
vector u nel2mess is applied to the non-inverting input of the comparator 96. The 
deviations Au c and Ay determined with the comparators 94 and 96 are not only 
supplied to the corresponding downstream controllers 86 and 90, but also to the 
sequence controller 70 which processes these values. The controllers 86 and 90 
are pre-controlled for quickly reaching the steady state. The controllers 86 and 
90 each have a respective summation point 98 and 100. The pre-control value 
for the voltage controller 86 is an expected dissipated power P puf f vor of the matrix 
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converter 2. The output of the summation point 98 is connected with a 
divider 102, whereby the output of the divider 102 is connected with an input of 
the switch 80. This divider is only used for linearizing the control path and for 
changing the polarity during reversal of the rotation direction. The actual rotation 
speed value n mess is applied to the divisor input of the divider 102. 

[0043] The second input of switch 80 is connected with the output of the 
rotation speed controller 24. The output of switch 80 is connected with a control 
variable input of the control unit 18 which generates a desired motor voltage 
space vector u motor . The control unit 20 then generates as a function of the polar 
component u c and y c of the actual capacitor voltage space vector u Cmess and a 

control variable for the power factor control signals S v for the turn-off 
semiconductor switches of the matrix converter 2. 

[0044] In the buffer operating mode P, the control variable for the power 
factor is not generated by the reactive current control circuit 30, but rather by the 
phase control circuit 92. The phase control circuit 92 includes the switch 82 
connected between the input-side comparator 96 and the controller 90, whereby 
the switch 82 can be used to apply a measured phase angle deviation Ay or the 
second output of the vector rotator 52 representing a phase angle deviation of 
the measured actual capacitor voltage space vector u Cmess to the controller input. 
The outputs of the reactive current controller 38 and of the pre-controlled phase 
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angle controller 90 are each connected with a respective input of the switch 84. 
The output of switch 84 is connected with an input of the control unit 20 for the 
control variable for the power factor. In the buffer operating mode P, the phase 
angle y c of the measured actual capacitor voltage space vector u Cmess is 
controlled. In other words, the phase angle y c of the measured actual capacitor 
voltage space vector u Cmess is controlled so as to change in relation to the nominal 
value fnenn of the line frequency f N (rotating vector). The pre-control value of the 
phase angle controller 90 is an expected reactive current that depends on the 
size of the commutation capacitors C1, C2 and C3, on the magnitude of the 
amplitude u nen n of the controlled actual capacitor voltage space vector ii Cmess and 
on the line frequency (o N . 

[0045] As a result, in buffer operating mode P, the actual capacitor voltage 
space vector u Cmess is regulated to an actual power line voltage space 
vector u netzmess measured shortly before the outage which continues to rotate 
with the nominal value of the line frequency. The longest possible time interval 
for bridging a power outage depends on the inertial mass of the drive. When the 
drive stops because the entire kinetic energy is used up, the capacitor voltage 
"to collapses, so that the drive is switched off with the error message "Line 
Voltage Failure." 

[0046] In the buffer operating mode P, the power supply 12 is monitored 
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for a return of the line voltage. This is done by the sequence controller 70 
depending on the measured amplitude deviation Au ne tz of the line voltage. The 
line voltage has returned, if the amplitude deviation Au ne tz is less than a 
predetermined value. As soon as this is recognized, the sequence controller 70 
controls the switches 80, 82 and 84 so that the switches assume the position S 
for the synchronization mode S. In addition, all controllers identified with S are 
enabled. These switching operations cause a change from the buffer operating 
mode P into the synchronization mode S. 

[0047] The synchronization mode S is different from the buffer operating 
mode P in that a measured phase angle deviation Ay between the phase angle 
Ynetz of the actual power line voltage space vector u netmess and the phase angle y c 
of the actual capacitor voltage space vector u Cmess is used in the phase control 
circuit 92. The amplitude u c and the phase angle y c of the actual capacitor 
voltage space vector u Cmess are now controlled so that the actual capacitor voltage 
space vector u Cmess coincides with the actual power line voltage space vector 
" nel2 mm. in which case the measured amplitude deviation Au c and the phase 
angle deviation Ay become zero. As soon as the sequence controller 70 detects 
this situation, the switches S1, S2 and S3 of the switching unit 10 are closed 
again, causing the controller 4 to switch into the normal operating mode. The 
subsequent acceleration to the original rotation speed setpoint n* can occur 
gradually, for example, by providing the control value of the rotation speed 
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setpoint n* by a ramp generator (not shown). The ramp generator is set to the 
instantaneous rotation speed value n me ss during the change into the normal 
operating mode. 

[0048] FIG. 3, split into FIGS. 3A and 3B for sake of clarity, shows a 
detailed functional block diagram of an advantageous controller for a single drive 
according to FIG. 1. Unlike the functional block diagram of the controller 
according to FIG. 2, pre-control values for the power factor and for the frequency 
of the capacitor voltage are used for the various operating modes of the 
controller 4 of the matrix converter 2, instead of a unit 28 that measures an actual 
power line current space vector i nel2mess together with a downstream reactive 
current control circuit 30. The pre-control values for the power factor are 
supplied to the corresponding input of the control unit 20 via a switch 104. The 
pre-control values for the frequency of the capacitor voltage are applied to an 
input of the comparator 60 of the vector control circuit 54 that smoothes the 
phase angle y c of the actual capacitor voltage space vector u Cmess . It can be seen 
that the control variable "cosO" can be preset and controlled depending on the 
operating state. The frequency of the phase angle y c of the actual capacitor 
voltage space vector u Cmess adjusts itself freely in buffer operating mode and 

during the synchronization. The pre-control values f Puff er, f Sy nchron and f ne „n for the 
buffer operating mode P, the synchronization mode S and the normal operating 
mode N are only used for pre-controlling the vector phase control circuit 54 that 
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smoothes the phase angle y c of the actual capacitor voltage space vector u Cmess . 
After the power line voltage has returned, the converter switches into normal 
operating mode N, where the fast switches S1, S2 and S3 of the switching 
unit 10 are switched in at a predetermined point in time. This predetermined 
point in time depends on the phase angle deviation Ay between the actual 
capacitor voltage space vector ii Cmess and the actual power line voltage space 
vector u mtzmess . A preferred point in time for switching in the switches is when the 
phase angle deviation Ay is approximately zero. By controllably presetting the 
reactive current i M through the pre-control value cosO Sy nchron according to a 
frequency f Sy nchron, the required tolerances for the speed and/or the accuracy for 
switching in the switches can be relaxed. However, the synchronization points, 
where the switches S1 , S2 and S3 can be switched in, occur less frequently in 
this case. 

[0049] Advantageously, this control significantly simplifies signal 
processing, however at the expense of a prolonged synchronization mode S; 
also, switching in the switches requires more involved balancing operations. The 
buffer value f Puffe r can not only have a value close to the nominal value f ne „n of the 
line frequency f N , but can also have a value of zero. In this case, the actual 
capacitor voltage space vector u Cmess is a stationary vector (DC voltage), so that 
users requiring line frequency voltages cannot be serviced. 
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[0050] FIG. 4 depicts a block circuit diagram of a multi-axis drive, which 
has for each axis a motor 16 1t 16 2 , 16 3) a matrix converter 2i, 2 2 , 2 3 , and a 
commutation capacitor circuit 61, 6 2 , 63. The inputs of the commutation capacitor 
circuits 61, 6 2 , 63 are connected with a choke circuit 8, the input of which is 
connected via a switching unit 10 with the power line supply 12. Each 
commutation capacitor circuit 61, 6 2) 63 has three capacitors C1, C2 and C3 
which are here connected in a Delta configuration. However, the commutation 
capacitors C1, C2 and C3 can also be connected in a Star configuration. The 
choke circuit 8 has three inductances L1 , L2 and L3, with each inductance being 
located in a corresponding power line. The switching unit 10 has three 
switches S1, S2 and S3 which can be used to disconnect the power lines 
between the power supply 12 and the choke circuit 8. An input of a voltage 
supply unit 14 is connected with the outputs of the switching unit 10, whereas the 
output of the voltage supply unit 14 is connected with a supply voltage terminal of 
the controller 4'. The controller 4' is supplied with at least two measured line 
voltages u N3 , u N2 , two measured capacitor voltages u C3 , u C2) and two measured 
line currents i N 3, irj 2 . The output of controller 4' is connected to the control inputs 
of the switching unit 10 and to controllers 4\ 4" 2 and 4" 3 located proximate to the 
converter . Each of these controllers 4"!, 4" 2 and 4" 3 is supplied with a measured 
actual rotation speed value n mess . The controller 4' generates signals n* 1( n* 2 , n* 3 , 
and K,j and supplies these signals to the controllers 4"i, 4" 2 and 4" 3 . 

[0051] FIG. 5, split into FIGS. 5A and 5B for sake of clarity, shows a 
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detailed functional block diagram of the multi-axis drive according to FIG. 4. 
Unlike the functional block diagram of FIG. 2, in the functional block diagram of 
FIG. 4 the controller 4 is subdivided into a central unit 4' and several converter 
units 4"i, 4" 2 and 4" 3 . The central unit 4' includes the units 28, 32 and 48 for 
measuring an actual power line current space vector l netzmess , an actual power line 
voltage space vector u netxmess , and an actual capacitor voltage space vector u Cmess . 
The central unit 4' also includes the reactive current control circuit 30, the vector 
phase control circuits 54 and 72, the line voltage monitoring unit 62, the 
sequence controller 70, the phase angle control circuit 92, as well as a modified 
voltage control circuit 88. These components have already been described in 
detail and will therefore not be described again. The control variable for the 
power factor is here indicated by K M . Also, this control variable is here not 
applied directly to an input of a control unit 20i, 20 2 and 20 3 ; instead, each drive 
weights this control variable K M with a separate reference value i B ezug which is 
generated by a control unit 18i, 18 2 and 18 3 of the converter units 4"i, 4" 2 
and 4" 3 . The separate reference value i BeZ ug can be derived, for example, from 
the line current, from the idle current of the motor, from a minimal current at field 
weakening or from the instantaneous reactive current capability of the associated 
drive. Alternatively, the various reference values i BezU g can also be adjusted 
depending on how the total reactive current is divided among the drives. 
Because the control variable K M is processed separately, the input-side reactive 
currents of all drives of the multi-axis drive can be controlled by the same 
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signal K M . 

[0052] A unit 108 for coordinating the axes is connected downstream of 
the voltage control circuit 88, whereby a unit 110 for evaluating a nominal main 
speed setpoint n*** is connected between the voltage control circuit 88 and the 
unit 108. The nominal main speed value n*** is used to control the speed of the 
entire multi-axis drive. The evaluation unit 110 includes a multiplier 112 and a 
subtracter 114. The nominal main speed value n*** is applied to a first input of 
the multiplier 112, and a weighting factor Ku received from the output of the 
subtracter 1 14 is applied to the second input of the multiplier 112. The output of 
the multiplier 112 is connected with an input of the coordination unit 108. A 
constant having a value of one is applied to a first input of the subtracter 114, 
while the second input of the subtracter 114 is connected with the output of the 
voltage control circuit 88. Since the voltage control circuit 88 is active only during 
the buffer and synchronization mode, the main speed setpoint n*** is in normal 
operating mode transmitted unchanged to the coordination unit 108. The 
nominal main speed value n*** is decreased in buffer operating mode and during 
the synchronization, so that the total power supplied to all drives is zero, i.e., the 
entire power requirement is covered by the kinetic energy of the multi-axis drive. 

[0053] The coordination unit 108 can be implemented as a synchronization 
controller, an electronic gear, electronic cam disks or similar linkages, as are 
customary in multi-axis drive configurations. In a more complex implementation 
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of the coordination unit 108, the multi-axis drive can also be controlled by 
maintaining the speed of individual drives or groups of drives unchanged when 
operating in buffer operating mode and during the synchronization, with only 
certain drives of this multi-axis drive assuming the function "kinetic buffering". 
Like with a single drive, a ramp generator can return the drive slowly to its 
original main speed after the return of the power line voltage. The other 
aforementioned units of this central unit 4' operate essentially as with a single 
drive according to FIG. 2. The central unit 4* can be implemented as a separate 
signal processing unit. Alternatively, the central unit 4' can also be associated 
with a particular drive, for example a master drive, of a multi-axis drive. The 
central unit 4' can also be distributed across the signal processing units for the 
individual drives. 

[0054] Since the control unit 20 of the matrix converter 2 requires the 
smoothed components of the measured actual capacitor voltage space 
vector u Cmess (actual input voltage space vector), the measured capacitor voltages 
uci, Uc2 and uc3 are supplied to each drive of the multi-axis drive depicted in 
FIG. 4. As shown in the functional block diagram of FIG. 5, each converter unit 
4"i, 4" 2 and 4" 3 includes a unit 48!, 48 2 and 48 3 for measuring an actual capacitor 
voltage space vector u Cmess . Since the components of this measured actual 
capacitor voltage space vector u Cmess have to be smoothed, corresponding 
smoothing filters 46!, 46 2 and 46 3 , and vector phase control circuits 54!, 54 2 
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and 54 3 are each connected downstream to corresponding units 48i, 48 2 
and 48 3 . The outputs of the smoothing filters 46i, 46 2 and 46 3 , and of the vector 
phase control circuits 54!, 54 2 and 54 3 are each connected with corresponding 
inputs of the control unit 20! , 20 2 and 20 3 . Each of the converter units 4\ 4" 2 
and 4" 3 also includes a multiplier 116i, 116 2 and 116 3 for a separate weighting of 
the control signal K M for the power factor. The generated control signal K M is 
supplied to one input of the multiplier 116i, 116 2 and 116 3 , whereas a reference 
current value i B ezugi, iBezu g2 and i Be zu g3 is applied to the other input. The outputs 
of the multipliers 11 61, 116 2 and 116 3 are connected to corresponding inputs for 
the control variable of the power factor of the control units 2d, 20 2 and 20 3 . 

[0055] FIG. 6 depicts a variant of the multi-axis drive of FIG. 4. Unlike the 
multi-axis drive of FIG. 4, this variant of the multi-axis drive has a choke unit 81 , 
8 2 and 8 3 associated with each drive. As a result, each drive of the multi-axis 
drive has its own line filter which is formed by the respective inductances L1 , L2 
and L3 of the choke unit 81, 8 2 and 8 3 and the capacitors C1 , C2 and C3 of the 
commutation capacitor circuit 61, 6 2 and 6 3 . The voltages before and after the 
switching unit 10 are then evaluated by the central unit 4'. The multi-axis drive 
hence includes several individual drives according to FIG. 1 which are electrically 
connected in parallel on the input side. 

[0056] FIG. 7 shows a detailed functional block diagram for the multi-axis 
drive of FIG. 6. Unlike the functional block diagram of FIG. 5, this functional 
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block diagram provides a pre-control value i% normal instead of employing a unit 28 
for measuring an actual power line current space vector T nelzness in conjunction 
with a downstream reactive current control circuit 30. Each converter unit 4"i, 4" 2 
and 4" 3 includes here a reactive current control circuit 30i, 30 2 and 30 3 . The 
output of each reactive current control circuit 3d, 30 2 and 30 3 of the converter 
units 4"!, 4" 2 and 4" 3 is connected with a corresponding input for the control 
variable of the power factor of a corresponding control unit 2d, 20 2 and 20 3 . In 
normal operating mode, each drive of the multi-axis drive then regulates a 
separate reactive current. These control variable inputs are used in buffer 
operating mode and during synchronization for regulating the angle of the bus 
bar voltage. 

[0057] Not all individual drives in a multi-axis drive have to be of the type 
matrix converter. The combination with other converters, for example 
conventional intermediated circuit converters, is possible. For example, a 
converter equipped with an active front end (AFE) can advantageously supply at 
least a portion of the reactive capacitor power, or even the entire reactive power. 
An input side of a converter with an active front end, unlike a matrix converter, 
can supply the maximum current of the converter as a reactive current - if the 
drive is lightly loaded. This variant operates also if the voltage intermediate 
circuit converter lacks an inverter, i.e., if the active front end converter supplies 
power only to a capacitor. In this case, the AFE converter supplies exclusively a 
reactive power. 
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[0058] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0059] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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